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452 DR. HEEBEET WATNEY ON THE MINUTE 

CHAPTER I. 

THE MINUTE ANATOMY OE THE MUCOUS MEMBRANE OE THE INTESTINE, AND THE 

METHOD OE EAT-ABSOEPTION. 

In this chapter I propose first to state very briefly the result of my researches on the 
structure of the intestine and the method of fat-absorption ; secondly, to relate the his- 
tory of these subjects ; and, finally, to give a detailed account of this research. 

Preliminary Statement. 

The mucous membrane of the intestine is pervaded everywhere by a reticulum similar 
to >, and continuous with, that found in the follicles of Peyer's patches. This reticulum 
is situated among all the other elements which are contained in its meshes. Thi$ is true 
of the epithelial cells, the muscle-fibres, the cells of the parenchyma, and of the endo- 
thelial plates of the membrana propria, of the blood-vessels, and lymphatics. 

It is by this reticulum that the fat is absorbed, and by this reticulum that the fat finds 
its way into the lymphatic vessels, and probably also into the blood-vessels. 

History. 

Asselius (1628) ascribed open mouths to the chyle-vessels of the intestine. 

Lieberkuhn (1)*, Hewson (2), and Cruikshank (3) believed that the central canal of 
the villus opened on the surface. Lieberkuhn thought he saw one opening from 
the ampulla "or widened end of the chyle-vessel. Hewson conceived that the villi have 
a network of laeteals, and that the orifices of the lacteals are on the extremities of the 
villi. He considered it probable that the villi were erected " in order to make the small 
absorbents stand rigidly open ; " and he thought that in this way the fluid (chyle) may 
be conveyed to the first pair of valves. Cruikshank saw " in some hundred villi the trunk 
of a lacteal forming or beginning by radiated branches. The orifices of these radii were 
very distinct on the surface of the villus, as well as the radii themselves. The radii 
passing into the trunk of the lacteal were full of a white fluid. There was but one 
trunk in each villus." 

Kudolphi (4), 1802, examined the villi of many animals ; he denied the existence of 
openings of the chyle-vessel on the surface ; he imagined that the chyle-vessels took 
their rise by a network within the villi. 

Fohman (5), 1827, injected the lymphatics of fish with quicksilver. He found that 
no mercury escaped into the intestine, and concluded that the lymphatics end blindly. 

After this there was a long contest as to the origin of the chyle-vessel and method of 
fat-absorption. We may distinguish three different opinions. The first was that the 
chyle-vessel arose from a network of lymph- capillaries : Krause (6), Goodsir (7), E. H. 
Weber (8), Nuhn (9), Zenker (10). A second opinion maintained that the fat pressed 
through the villus, not in definite preformed ways, but among the parenchyma: 
Frerichs (11), Donders (12), Funke (13), Donitz (14). A third opinion was held by 
other observers, who maintained that the chyle-vessels are closed ; they gave no opinion 

* See tlie References, p. 486. 
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as to the manner in which fat traversed the villus : Henle (15), Schwann (16), Bonders 
(12), Kollikee (44), and Bruch (18). Bonders further spoke of the chyle-vessels as 
possessing a membrane. 

Henle (15), 1837, showed that the intestine is covered by a layer of epithelium. 

Goodsir (7), 1842, first noticed that the epithelial cells apparently contain fat- 
granules. He did not, however, lay any stress on the fact, but supposed that certain 
" vesicles " close to the membrane have the property of absorbing, and that the epithe- 
lium is cast off previous to absorption. This author saw the membrana propria clearly, 
and considered that the nuclei situated in it at regular distances were the germinal 
spots from which the epithelium is reproduced. 

Lacauchie (19), 1843, first noticed the movements of the villi, and attributed them to 
a system of muscles. He considered each villus to be a system of sucking- and forcing- 
pumps (aspir antes et foulantes). 

Gruby and Delafond (20), 1842 and 1843, found chyle in the epithelial cells, and 
thought that each epithelial cell must be considered an organ specially charged to receive 
raw chyle, and convert it to a homogeneous chyle, and to transmit the liquid thus made. 
Each epithelial cell is provided with a cavity whose external opening is sometimes 
gaping and at other times more or less exactly shut. They found that on the surface of 
the epithelium of the villi of the dog vibratile bodies exist, whose function may be to 
displace, when necessary, the raw chyle in contact with the epithelium. They inde- 
pendently discovered the movements of the villi. 

E. H. Weber (8) noticed that the chyle-vessels were filled with chyle, although the 
mucosa was clothed with its epithelium ; and no one after this seems to have doubted 
that the fat found its way through the epithelium, if we except Erdmann (34). Weber 
speaks of a second layer of cells which are round, some of which are filled with an opaque 
white fluid and some with a transparent fluid. He considered that the epithelium 
underwent a change in form in the act of absorption. 

Frerichs (11), 1848, found that the granules of fat, which are of considerable size in 
the stomach, become finer in the intestine, this change being of a mechanical nature, 
probably caused by the action of bile, the pancreatic fluid, and the fluid of the 
intestine ; he found that the fat thus finely divided presses gradually through the sub- 
stance of the villus. 

Funke (21), 1853, in his Atlas, gave a representation of the branched chyle-vessels 
(see fig. i. Taf. viii.). 

Funke (13) afterwards (1855) spoke of the chyle-capillaries as being due to the fat 
pressing in everywhere in the tissue of the villus. He denied the existence of pre- 
formed ways. 

Bruch (18), 1853, said that the fat enters the epithelial cells as little drops, which 
unite to form larger ones. He spoke of fat-absorption by the blood-vessels, and con- 
sidered all the so-called branched chyle-vessels to be really blood-capillaries containing 
molecular fat ; he included in that Funke's fig. i. Taf. viii. 
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Virchow (22), 1853, noticed a white substance in the veins of the villi. He con- 
sidered the whole parenchyma of the villus to be full of fat during absorption. 

Virchow (23), 1857, noticed that the epithelial cells of the gall-bladder are filled with 
fat, the fat lying in parallel rows in the epithelial cells. 

Brucke (24), 1851 and (25) 1853, repeated and confirmed the researches of Lacauchie, 
and of Gruby and Delafond, concerning the contractility of the villi. Brucke further 
showed that that contractility is due to bands of longitudinal muscle-fibres running up 
to the points of the villi ; and, further, that these muscles are only processes from the 
muscularis mucosae*. This author supposed that each epithelial cell is open at its distal 
and proximal ends, that the fat encounters (at the entrance to the cells) a plug of 
mucous consistence, and that the central canal is not a vessel but only a space between 
the tissue. 

Bonders (12), 1853 and 1856, denied the existence of openings at the ends of the 
epithelial cells. He thought that the fat goes through the villus in a cloud-like form. 

Moleschott and Marfels (26), 1854, maintained Brucke's opinion of the epithelial 
cells being open at their free extremities. They found that in frogs mammalian blood 
and in mammals pigment-granules penetrate the epithelium. 

Bonders, Wittich (27), and Hollander (28) obtained negative results on repeating 
the experiments of Moleschott and Marfels. 

Kolliker (29) spoke in the most positive terms of the epithelial cells being closed at 
their free extremities ; further, Kolliker and Funke (30), 1855, showed that the " basal 
border" of the epithelium is striated. Kolliker thought that the basal seam is 
penetrated by little pores through which the fat passes. 

Brettauer and Steinach (31), 1857, showed that the seam is sometimes composed of 
little rods. 

There was much discussion, which may be found in the literature of the subject, on 
the character of the seam, its thickness in fat-absorption, and the manner in which fat 
penetrated it ; and subsequently there was great dispute about the origin and signifi- 
cance of the goblet-cells. Neither of these questions will be entered upon in this paper. 

Todd and Bowman (32), 1856, described a basement membrane in the villi as a single 
layer of homogeneous membrane. 

This question of the existence of a basement membrane is nearly as important as 
the similar one of the occurrence of a membrane belonging to the chyle-vessels ; for if 
there be a membrane, the views of Heidenhain and all his followers must fall to the 
ground, unless we accept a basement membrane in the sense of Kolliker. The follow- 
ing authors assert that there is a basement membrane : — Goodsir (7), Bonders (12), 
Todd and Bowman (32), Eberth (33), Donitz (14), Erdmann (34), and Debove (35). 

Billroth (36), 1858, supposed that the epithelium of the frog's intestine has an inti- 
mate connexion with the connective-tissue corpuscles. 

* The muscularis mucosae liad been previously described by Middeldokpf in a paper on Brtjoter's glands 
(1846). 
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Heidenhain (37), 1858, put forward a definite theory of fat-absorption, namely, that 
the epithelial cells are in connexion with the branched cells of the parenchyma, that 
there is a direct transition of these cells into real chyle-vessels, and that these structures 
are preformed ways which the fat traverses. He gave drawings of nucleated epithelial 
cells ending in processes, the processes containing a second nucleus, and filled with fat 
(fig. iv.). Heidenhain figured branched cells of the parenchyma connected with one 
another by processes (fig. vL). In chromic acid, however, he found the cells were round 
and surrounded by a framework (fig. viii.). 

This theory of the connexion of the epithelial cells with the connective-tissue corpuscles 
was afterwards supported by Wiegandt (38), Balogh (39), Arnstein (40), Eimer (41), 
and Thatooffer (57) ; but it was denied by Rindfleisch (42), Lipsky (43), Kolliker 
(44), Verson (45), and Basch (46). The connexion was necessarily denied by those who 
assumed an unbroken membrana propria, as Domtz (14) and Erdmanjst (34). 

Wiegandt (38), I860, noticed the long processes attached to the epithelium of the 
frog's intestine ; he could not find connective-tissue corpuscles with processes. Wie- 
gandt, however, considered Heidejs t hain's view to be probably correct for the epithelium 
of the frog. * 

Balogh (39), 1860, described processes in the epithelium of the rabbit's intestine. 

Eberth (33), 1864, isolated the basement membrane which covers the villi. He found 
that the membrane has holes or gaps in it, and is attached to the blood-vessels (figs. i. 
& ii.). He described the membrana propria of Lieberkuhn's crypts as a structureless 
membrane, with oval nuclei imbedded in it. Eberth figured short processes to some of 
the epithelial cells (fig. ix.). 

Donitz (14), 1864, spoke of the fat coming in in the form of a cloud, and said that 
the epithelial cells with processes are artificial products. This author denied the pre- 
sence of star-like or branching connective-tissue corpuscles in the mucosa ; and maintained 
that the epithelium is separated from the parenchyma by a glass-like membrane contain- 
ing no visible pores. 

Basslinger (47), 1858, found that in birds the lymphatic follicles are not sharply 
bordered, but that the follicular tissue may be found in the base of the villi, or even 
extending to their apices. 

His (48), 1862, showed that the tissue of the mucosa, including the villi, consists of 
a more or less close network of fine connective-tissue trabecule, or branched cells, which 
form a framework attached to the blood-vessels ; in the meshes of the framework lymph- 
corpuscles are found. He called this tissue " adenoid." His further showed that 
lymphoid follicles are not formations of a peculiar kind, but are richer collections of 
adenoid substance. He gave a drawing of the tissue of a villus which had been brushed, 
in which the reticulum is clearly seen (see His, fig. iv.). 

Teichmais t (49), 1861, by his beautiful injections, showed the disposition of the chyle- 
vessels in the villi. He asserted that the chyle-vessels are closed. 

Recklinghausen (50), 1862, on the contrary, found that the material which he 
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injected into the lymphatics of the villi left the vessel and passed into the stroma of the 
villus (see Taf. iii. fig. ii.). He showed that the walls of the chyle-vessels are lined by 
an endothelium. Recklinghausen thought there was a Saftcanalsystem in the villi, 
although he allowed that there is a gradual transition from follicular tissue (adenoid 
tissue, His) to the Saftcanalsystem. 

His (51) and Auerbach (52) confirmed Recklinghausen's observation of the existence 
of an endothelial covering to the chyle-vessels. His maintained with Teichman that the 
injection does not leave the chyle-vessels. Notwithstanding these researches, three 
observers, Fles (53), Basch (54), and Zawarykin (56), declared that in its upper part 
the central vessel has no definite membrane. 

Basch (54), 1865, found no difference between the cells of the villus and those lining 
the chyle-vessel. He injected from the lymphatics, and not only filled the central canal 
of the villus, but his injection penetrated the stroma of the villus in lines, forming a 
regular network. 

Letzerich (55), 1866 and 1867, described certain structures among the epithelial 
cells, which in the normal state are the sole absorbents of fat; these structures 
(" vacuoles ") are connected with a system of canals, and the canals with the central 
vessel. In pathological states the epithelial cells contain fat. When not in action the 
vacuoles are closed, and are seen as star-shaped bodies between the epithelium. Eimer 
and other observers pointed out that the vacuoles are ' ; goblet-cells." 

Kolliker (44), 1867, confirmed Eberth's researches as to the basement membrane. 
He held, however, that the border seam is nothing but a thickened outer layer of the 
connective tissue, corresponding to the border layer of the " follicular glands." Kol- 
liker considered it probable that the fat passes through the pores of the epithelial 
cells ; and stated that the paths by which the fat travels in the tissue of the villus are 
unknown to anatomists. 

Erdmann (34), 1867, found that the epithelium is separated from the stroma of the 
villus by an unbroken membrane. This membrane sends processes, on the one hand, 
around the epithelial cells (as a cement substance), and, on the other hand, in the stroma 
of the villus (as connective-tissue trabecule)*. These trabecule enclose the connective- 
tissue corpuscles. The corpuscles of the villus are not star-like, but round ; the fat 
travels by the cement substance between the epithelial cells. 

Eimer (41), 1869, tried to demonstrate Heidenhain's theory. He gave drawings of 
the connexions of the epithelial cells with the tissue of the villus from sections of a 
hardened intestine of a frogf . Eimer further gave drawings of fat-particles in the pro- 
cesses of the branched connective-tissue corpuscles of the submucosa of the frog's intes- 

* Pies (1865) considered that the intercellular substance between the epithelial cells is in direct communi- 
cation with the connective-tissue of the villus. 

f Almost all the attempts to establish the connexions of the epithelial cells and the connective- tissue cor- 
puscles have been made from preparations of the frog's intestine ; and this is the more remarkable from the 
fact that the epithelial cells in that animal are very long and narrow, and that it is somewhat difficult to show 
their connexions. 
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tine. These corpuscles are attached to the lymphatic vessels (figs. ix. & xiii.). This 
author found, during absorption, fat-particles in the circular muscular layer of the 
intestine. He figured fat-particles between the epithelial cells (fig. xx.). Eimer further 
considered that in mammals the epithelial cells are connected with the tissue of the villus. 

Zawaeykin (56), 1869, obtained a natural injection of the paths which the chyle tra- 
verses by injecting albumen and Berlin blue into a loop of the intestine in the living 
animal. He found that the blue mass goes by the borders of the cells; these borders 
end in processes which communicate with the membrane of the villus. He found the 
substance of the villus coloured as it is represented by Basch (54), i. e. he found a net- 
work of blue lines surrounding the lymph-corpuscles. ZawaRykin thought the blue lines 
correspond to the cleavage-spaces in the ground substance of the villus. 

Basch (46), 1870, described the villus as composed of trabecule and cells of the 
parenchyma; the trabecule contain connective-tissue corpuscles. The fat goes byways 
within the trabeculse which possibly are preformed. Basch's drawings give very thick 
trabecule, containing cells (see his fig. vii.). He denied a constant connexion of the 
epithelium with the tissue of the villus. Basch noticed the fat between the epithelial 
cells, but he conceived that it was due to regurgitation from the villus. 

Debove (35), 1872, showed by the use of nitrate of silver that there is everywhere in 
immediate proximity to the epithelium an endothelial membrane similar to that of the 
chyle-^vessels. 

Tiianhoffee (57), 1874, found that the epithelial cells in the frog's intestine are open, 
that the cell-substance, in the form of hair-like processes, may protrude above the cells. 
This was seen when the nerve-centres were injured. These hair-like processes show 
lively movements, and aid in fat-absorption. He found star-like connective-tissue cor- 
puscles attached to the epithelium, 

Bibliography of the small Cells among the Epithelium. 

Ebeeth (58), 1861, found in the intestine of a duck groups of epithelial cells contain- 
ing two to four nuclei, the nuclei lying one above the other. 

Kindfleisch (42), 1861, found round elements among the deeper layers of the 
epithelial cells. 

Ebeeth (33), 1864, saw young cells among the intestinal epithelium; at times they 
were arranged in rows between the epithelial cells. He also saw citron-shaped cells. 
Ebeeth was unable to determine whether these cells are young epithelial cells or not : he 
considered that some of them are elements which have wandered from the mucosa. 

Aenstein (40), 1867, found lymph-corpuscles between and within the individual 
epithelial cells ; he found them also within the goblet-cells. He considered that these 
lymph-corpuscles have wandered from the mucosa. 

Feies (59), 1867, noticed the round cells among the intestinal epithelium. 

Eimee (60), 1867, injected colouring-matter into the lymph-sac of a frog. He found 
coloured lymph-corpuscles in the goblet-cells and in the mucosa. 

mdccclxxvi. 3 s 
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Lipskt (43), 1867, noticed small round cells in the epithelium covering Peyer's 
patches. 

VeesOjS' (45), 1870, also mentions the occurrence of rounded cells between the attached 
extremities of the epithelial cells over Peyee/s patches. 

Methods employed. 

Hardening in Chromic Acid. 

The intestine or stomach of a recently killed animal was washed as soon as possible 
in one tenth per cent, chromic acid, or in one per cent, bichromate of potash, and then 
immediately transferred to chromic acid. After the chromic acid, it was placed in forty- 
six per cent, spirit and finally preserved in spirit of the strength of ninety-two per cent, 
(ordinary methylated spirit). To obtain a very firm tissue it was left from seven to ten 
days in one fifth per cent, chromic acid, and then from two to five days in the weaker 
spirit, before being transferred to the stronger. 

To obtain sections which would show the lymph-corpuscles clearly differentiated from 
the other tissues, the stomach and intestine were hardened only four days in one sixth 
per cent, chromic acid, and then four days in the weak spirit, finally being placed in the 
strong. 

Hardening in Chloride of Gold and Chromic Acid. 

After washing the tissue in one tenth per cent, chromic acid, it was placed in one half 
per cent, gold chloride for four hours, and then in one sixth per cent, chromic acid from 
four to eight days, afterwards in the weak spirit one to two days, and finally removed 
to the strong. 

To obtain the Intestine of an Animal during the Absorption of Fat. 

Milk, or milk and cream, were given the animals to drink ; or the cream was injected 
into the intestine (the latter was the plan pursued with hedgehogs), the animal in either 
case being killed one or two hours afterwards. 

Osmic-acid Staining. 

The following modification of Basch's (46) method was employed :— The ligature 
intestine was placed in warm Mullee's fluid for twenty-four hours, and at the end of 
that time small portions were washed in one tenth per cent, osmic acid, and then placed 
in one to one half per cent, osmic acid for twenty-four hours ; they were further har- 
dened in one sixth per cent, chromic acid for six or eight days, left in weak spirit for 
two days, and afterwards transferred to the strong spirit. The latter was saturated with 
fat (oil and wax), so that the spirit might not dissolve the fat of the preparations. 

Staining of Specimens. 
The specimens (with the exception of some which were treated by osmic acid) were 
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stained in a solution of hematoxylin. They were left in a strong solution from six to 
twelve, or even thirty hours. The solution of hematoxylin was made in accordance with 
the receipt given by Dr. Klein in the ' Quarterly Journal/ Oct. 1873. 

Steuctuee of the Mucous Membeane of the Intestine. 

The Epithelium, and the Reticulum and Lymph-Corpuscles among the Epithelial Cells. 

On viewing a section of the vermiform process of the rabbit, many small round cells 
will be noticed among the epithelium covering the apices of the lymphatic follicles. 
These cells are exactly similar to those in the follicles. They may be situated among 
the epithelium, as if that tissue w r ere to some extent infiltrated by them ; or they may 
have possession of at least the lower half of the space which ought to be occupied by the 
epithelium, as in Plate 39. figs. 1 & 2, where they are seen as two or more layers above the 
basement membrane, the epithelium being apparently eaten away at its lower extremity 
by the round cells. If the section be a favourable one, and very deeply stained, it will 
be seen that processes from the dark line on which the epithelium appears to rest run 
up between the epithelial cells ; and where this is the case the epithelium which covers 
the follicle contains a tissue similar to that found within the follicles. (Identical appear- 
ances are met with in the epithelium covering the follicles of the tonsil*.) Thus we 
find that the epithelium contains a tissue consisting of a reticulum containing in its 
meshes lymph-corpuscles. 

If, now, sections of the epithelium covering the villi or the villus-like processes of 
the large intestine be examined in any animal, it will easily be seen that the epithelium 
contains lymph-corpuscles similar to those in the follicles (see fig. 13). It is specially 
easy to demonstrate this fact in the intestine of the rabbit and sheep. In preparations 
treated by chromic acid and stained in hematoxylin, these cells are seen to consist of a 
small zone of unstained protoplasm surrounding a very deeply stained spherical nucleus. 
In the following pages I intend to apply the term "lymph-corpuscles" only to these cells. 

Again, if the villi of a recently killed rabbit be examined (either in the fresh state, in 
saline solution of three quarters per cent., with the addition of weak acetic acid, or after 
having remained in one per cent, bichromate of potash from two to six days), it is easy 
to show that the lymph-corpuscles are scattered everywhere among the intestinal epi- 
thelium ; and it is equally easy to show, if the epithelial cells be separated from one 
another by teasing, that the lymph-corpuscles are not found within the epithelial cells, 
but lie between them. Thus Aenstein (40) was mistaken in supposing that these cor- 
puscles were ever contained within the epithelium f. 

* Henle long ago noticed that the epithelium which covers much developed " agmmated glands " of the 
conjunctiva is thinner from an infiltration of the gland-substance (< Eingeweidelehre/ 1862). 

t Some observers have described Psorospermise as existing within the epithelial cells (Klebs, Virchow's 
< Archiv/ Bd. xvi.). There is considerable difficulty in deciding the exact relations in tissue so abnormal as 
that where Psorospermise are present in any great number ; but there is no evidence in my preparations of 

3s2 
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If the epithelium which has lain in weak bichromate of potash is teased (and it is 
best to select the intestine of the rabbit, as in that animal the epithelial cells are more 
easily separated), the idea that they have processes will soon be refuted. They are seen 
to be somewhat conical, the lower smaller end being slightly broadened at its termina- 
tion, as was first shown by Billeoth (36). Attached to them are shreds of the reti- 
culum*, which always separate with the epithelial cells from the rest of the mucosa. 
In these preparations rarely, if ever, will an epithelial cell with two nuclei be found : 
the lymph-corpuscles attached to individual cells may give that impression, but in such 
a case, by pressing on the cover-glass, and so rolling over the epithelial cells, the 
attached corpuscles will be seen indenting the wall (see fig. 3). This indentation 
of the wall has been shown in the drawings of Eberth (33) (fig. viii. a and b) and 
Arnstein (40). 

The epithelial cells are closed : perhaps the easiest way to show this is to add weak 
acetic acid to epithelium of a freshly killed animal, examined in saline solution. If the 
action be pushed far enough (i. e. until the cells are almost transparent and the nuclei 
very much marked) the well-known seam will be pushed up in the form of a segment 
of a circle, as has been shown by so many observers, or it may be raised up en masse. 

Sections of frog's intestine show great differences in the length of the epithelial cells 
in the same animal ; and, as a rule, the epithelium in the rectum is longer than that of 
the upper parts of the intestine. Any good section will show epithelial cells with pro- 
cesses nearly, if not quite, as long as those figured by Heidenhain (37) and others (see 
Plate 42. fig. 34, of the epithelium of the stomach of the frog). Considerable differences 
of length will also be met with in the epithelial cells of the intestine of mammals, partly 
due to the presence of structures which will be discussed hereafter, under the title of 
"Epithelial Bads" (see Plate 39. fig. 13), and partly due to the fact that the epithelium 
covering the upper surface of the villi and the upper surfaces of the processes in the 
large intestine is much shorter, as a rule, than elsewhere. 

On examining the projections of the mucous membrane in a section of the vermiform 
process of the rabbit, fine, almost thread-like processes from the dark line on which the 
epithelium rests may be seen running among the epithelial cells. This dark line (see 
figs. 9 and 13, r), as we shall see afterwards, is due to the sectional view of the con- 
nective-tissue reticulum, which lies surrounding the epithelial cells, and on which 
they rest. 

Again, if sections of villi or folds of the mucosa be examined where the epithelial cells 
have been cut horizontally near their base (see Plate 40. fig. 4), the polygonal areas of the 
epithelial cells are seen, and between them very deeply stained bodies (fig. 4, r) 9 which 



rabbit's intestine (see Plate 39. fig. 1) for concluding that they are ever contained in the epithelial cells ; 
but, on the contrary, they are probably situated between the cells, the latter being pressed to one side by the 
invading PsorospermiaB. 

* This reticulum will shortly be discussed. 
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rarely show a nucleus. These bodies, by their processes, form a continuous network 
(or reticulum), the epithelial cells being contained in the meshes. 

This reticulum stains very deeply in gold or hematoxylin ; and in oblique sections it 
can be demonstrated that the dark line which is present below the epithelium in vertical 
sections is due to the presence of these bodies, i. e. of the reticulum. 

The same structures will be observed in a cross section of the epithelial cells of a 
Lieberkuhn's crypt (see Plate 39. fig. 5, where the reticulum is seen to send processes 
horizontally round the epithelial cells as well as downwards to join with the reticulum of 
the mucosa). Thus the bodies forming the dark line are anatomically continuous with 
the reticulum of the mucosa, and are the uppermost layer of that reticulum. This can 
also be well seen in an oblique section of a villus, where we can similarly trace the 
continuity of the reticulum which surrounds the epithelial cells with the reticulum of 
the substance of the villus. 

There is, however, a difference between the reticulum which is found among the 
epithelial cells and that which elsewhere pervades the mucous membrane, inasmuch as 
the nodes of the reticulum surrounding the epithelial cells are very broad, and the 
reticulum itself is very delicate, and this gives the appearance of small cells with 
branching processes (see Plate 40. fig. 4). 

Membrana Propria, of the Villi, and of the processes of the Mucous Membrane of the 

Large Intestine. 

For a long time I conceived that the dark line below the epithelium was the membrana 
(r, figs. 10 & 13, Plate 39) ; this was found not to be the case. In the colon large cells 
were seen to be situated below the dark line (see fig. 10); but there was no evidence 
in these preparations that they formed a membrane. On examining, however, some 
sections of the villi of a monkey, which were denuded of their epithelium, it was noticed 
that the villi are bordered by large cells with oval nuclei, that these cells are placed 
more or less closely together, and have somewhat the character of endothelial plates. 
In places these cells were found to form a membrane; this was seen if the cells were 
separated from the mucosa and viewed from above (see Plate 40. fig. 6). We notice in 
the figure that some of the capillary blood-vessels are attached to the membrane ; this 
is always found to be the case. And we further notice that the membrane has gaps or 
holes in it. We can show that these gaps or holes are not artificial products, if we 
compare the section with others prepared and stained in exactly the same manner 
(see figs. 6, 7, 8). Fig. 7 shows the membrana of a Lieberkuiins crypt; fig. 8 gives 
the appearances of two alveoli of the mammary gland : neither in fig. 7 nor in fig. 8 is 
there any indication of holes in the membrane. 

In these preparations of villi, devoid of epithelium and bordered by large cells, the 
dark line which is generally seen at the base of the epithelial cells can nowhere be 
found ; and this teaches us that the reticulum forming the dark line at the base of the 
epithelium always breaks off with the epithelial cells, that its connexions with the 
epithelial cells are much more intimate than with the rest of the villus. 



462 DK. HEEBEET WATNEY ON THE MINUTE 

On examining villi which have lain three or four days in weak bichromate of potash^ 
if the epithelium be removed, we see the cells forming the membrana (as in. fig. 9). If 
the tissue is then stained in strong hsemtoxylin for some hours and afterwards teased, 
the membrane with its attached blood-vessels can be isolated, and we obtain similar 
appearances to those in fig. 6, which was drawn from a section of a hardened villus. 

It has been mentioned that the blood-vessels are always attached to the membrana ; 
the reason for this will be evident by referring to fig. 13 (#), where it is seen that the 
cells forming the membrana are not altogether flat plates, but partially surround the 
blood-vessels and form a kind of adventitia to them. 

In examining sections of the villi of the following animals, a membrana propria, very 
similar to that of fig. 6, is seen — L e. in the sheep, rabbit, rat, hedgehog, dog, cat, 
and frog. 

The Membrana of Lieberkuhn's Crypt. 

If in sections this membrane be completely isolated from the surrounding structures 
and viewed from above, it is seen to be a structureless membrane with nuclei imbedded 
in it at regular intervals (see Plate 40. fig. 7). 

On viewing an oblique section of a Lieberkuhn's crypt, however (see Plate 39. fig. 5), the 
membrane is seen to be composed of large cells, the reticulum (r) resting on these cells 
(#), and sending processes between them. The cells have all the characters of an endo- 
thelium, and (as is the case with the membrana of the villi) the endothelial plates 
are reallv contained in the meshes of the reticulum. 

The disposition and terminations of the Muscles in the processes of the Mucous 

Membrane of the Babbifs Colon. 

On viewing a slightly oblique section of one of the processes of the mucous membrane 
of a rabbit's colon (see Plate 39. fig. 10), we recognize the epithelium, the dark line below 
it, and the separate large cells of the membrana, as oval or roundish bodies; we observe 
also bands of muscle running up between the Lieberkuhn's crypts, and separating into 
individual fibres. Many of these fibres will be seen apparently to end in the large cells 
below the epithelium (m, fig. 10) ; others will be found to end in connective-tissue 
processes, which are also seemingly attached to the cells of the membrana (m', fig. 10). 
At first sight we are tempted to conclude that the muscles end in these cells; this is, 
however, not the case. In order to understand the relations of the muscle-fibres to the 
surrounding tissues, they must be studied in cross sections. This will best be done in 
sections at right angles to the'muscularis mucosa (see fig. 12). Here we find certain 
points of resemblance to the transverse sections of the epithelial cells. Thus small 
branched bodies are seen which are attached to one another by their processes, the 
muscle-fibres being contained in their meshes. Is this appearance, then, due again to 
a reticulum % and, if so, can this reticulum be shown to be in anatomical continuity with 
that of the mucosa 1 Both these questions are answered by observing sections in which the 
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muscularis mucosa is cut obliquely to the direction of its fibres; we there find that the 
reticulum surrounding the fibres is continuous with that of the rest of the mucous mem- 
brane. The same thing may be noticed in cross sections of those fibres which are found 
in immediate contact with the chyle-vessel. Thus each muscle-fibre is ensheathed in a 
reticulum ; and it is by this reticulum that the muscle-bands running up towards the 
surface are attached to the cells forming the membrana, or, more correctly, to the reti- 
culum surrounding the cells forming the membrane. The method of their attachment 
to these large endothelial cells is well shown in fig. 11, where the ensheathing tissue (r) 
is seen to envelop one of the cells of the membrana (e). The reader will notice that the 
.reticulum must be considered not only as a network of threads, but as forming, to some 
extent, membranous investments. Thus the muscle-fibres have membranous coverings, 
which are continuous with, and are really part of the reticulum ; and the same may be 
said of the endothelial plates of the membrana. 

The Disposition of the Muscle-bundles and the Muscle-endings in the villi. 

In those villi of the monkey, hedgehog, or rat where there is only one chyle-vessel, 
the muscle-bundles run by its side, giving off individual fibres towards the side of the 
villus ; and finally they either run straight on and end by being attached to the mem- 
brana at the apex of the villus (see fig. 13), or they may be arched slightly over the 
vessel, and then they will be attached to the membrana at a point on the opposite side 
of the villus. In the monkey the involuntary muscles form a membrane at least half- 
way round the chyle-vessel, and it is doubtful whether they do not entirely surround it ; 
but of this I am not sure, as I have no good horizontal sections. This membrane, which 
is composed of a single layer of fibres dovetailing into one another, is in contiguity with 
the endothelium*. 

In the hedgehog the muscle-bands contain very few fibres, generally only two or 
three, so that only a small portion of. the wall of the chyle-vessel is in contact with 
muscle-fibre. 

In the rat the bands are reduced to the smallest dimensions, sometimes even to rows 
of single muscle-fibres slightly overlapping at their ends. 

In the broad villi, as those at the commencement of the duodenum, in the dog and 
cat, and in the villi of the sheep, there are many bands running up the villi, which 
branch, anastomose, and finally end by being attached to the membrana f. I have one 
preparation of the sheep's intestine where one of the uppermost anastomosing bands, 
running nearly parallel to the surface epithelium, gives the appearance of a transverse 
band of muscles. 

* It is difficult at first sight to understand how fat can pass through this membrane to the chyle-vessel ; 
we have, however, seen that each muscle-fibre is surrounded by the reticulum, and it will be further shown 
that the fat travels by that reticulum. 

f Kollikek (61) noticed that in the broad villi of the commencement of the duodenum and jejunum the 
muscle-bands are spread out like a membrane, and run from the base of the villus to the top. 
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From what has been explained before of the relation of the connective-tissue reti- 
culum to the individual muscle-fibres, it will be easy to understand that the reticulum 
surrounding the bundle of fibres is attached to the reticulum of the mucosa, each fibre 
having here, as in the colon, its own ending : if the fibres end near the membrana, they 
may be apparently attached to the large cells composing it. 

Structure and Relations of the Blood-vessels of the Mucosa. 

These vessels have an adventitia — that is. to say, in sections showing the longitudinal 
course of the vessel, threads are seen attaching the vessel to the reticulum of the mucosa 
(see Plate 40. figs. 15, 17, and 18). There is, however, considerable difference in the 
arrangement of this adventitia as regards the arteries and veins. 

First, as regards the arteries. In those places where the minute arteries have a 
distinct and continuous layer of involuntary muscle-fibres*, as in the commencement of 
the duodenum in some animals (i. e. in the dog, rat, and hedgehog), the reticulum passes 
between and surrounds the involuntary muscle-fibres (see fig. 15). Whether the reti- 
culum penetrates between the endothelial plates of the artery, I have been unable to 
discover. 

In other parts of the mucosa we find arteries without a continuous layer of muscle- 
fibres — that is to say, the muscles are situated at some distance from one another; where 
that is the case, the reticulum surrounds the vessel much as it does in the former case 
(compare figs. 16 & 15). 

A somewhat similar appearance to that in fig. 16 would no doubt be given by a 
longitudinal section of an artery in which the muscle-fibres were situated principally 

above or below the vessel, as in such a section most of the fibres would be cut near their 

* 

ends ; the fibres would then look like clear rings, and would show no trace of nucleus. 
That this explanation is, however, not suitable is proved by sections which are thick 
enough to show the whole vessel : by focusing up and down in these sections, we can 
assure ourselves that there is no continuous layer of involuntary muscle-fibres surrounding 
the artery, and that there are only a few fibres at rare intervals ; and in such a prepa- 
ration, on accurately focusing the lumen of the vessel, we obtain an appearance similar 
to fig. 16. 

In the minute arteries of many villi there are no involuntary muscle-fibres at all ; we 
shall, however, often be able to recognize the arterial character of these vessels by the 
marked adventitia. 

Secondly, as regards the relations of the adventitia to the veins. 

In the veins the adventitia is not so distinctly seen as a separate membrane ; it can, 
however, be shown to exist, and an adventitia is present here in the same sense that an 
adventitia may be said to surround the involuntary muscle-fibres. See fig. 18, where 
in places the reticulum surrounding the vessel is seen, and compare figs, 17 & 18. 

* Bonders (12) noticed ring-shaped nuclei around the arteries in the villi. 
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Not only does the reticulum surround the endothelium, but we can also show that it 
penetrates between the individual endothelial cells. This is seen if we examine a 
longitudinal section of a broad vein, and view the inner surface of the vessel from above : 
see Plate 40. fig. 19, where we find a delicate reticulum between the individual cells. Nor 
must we be surprised that the reticulum is very delicate, as it has been shown that mem- 
branes, when viewed from the surface and separated from the rest of the tissue, show 
no trace of the reticulum (see figs. 6 & 7), although in oblique sections of these mem- 
branes in situ (as in Plate 39. fig. 5), as we have seen, it is quite easy to demonstrate a 
reticulum among the separate endothelial cells. 

It has already been mentioned that the cells of the membrana propria partially 
surround the superficial capillaries. 

The Character and 'Relations of the Chyle-vessels of the Villi. 

In the cylindrical villi the central canal is somewhat club-shaped, the lower end 
being much narrowed. The villi of the hedgehog are best adapted to demonstrate the 
chyle-vessels in sections, as in that animal they are very large, and are not surrounded 
by many involuntary muscle-fibres. 

The walls of the chyle-vessels are composed of endothelial plates. The relation of 
the reticulum to the chyle-vessels is almost exactly similar to its relation to the veins ; 
i. <?., in longitudinal sections of the vessel, threads are seen attached, to the wall, which 
are continuous with the reticulum of the mucosa (see Plate 41. fig. 22), whereas, on 
viewing the vessel from above, there is seen to be a delicate reticulum penetrating 
between the endothelial plates (see fig. 20). 

If the chyle-vessel be cut rather obliquely, as in fig. 21, we notice that the reticulum 
surrounding the cells of the mucosa is continuous with that which envelops the endo- 
thelial plates. This specimen was drawn from a villus situated above Beunner's glands 
in the dog : it will be seen that in the upper part of the chyle-vessel the cells of the 
villus and the endothelial plates of the chyle-vessel are continuous. 

In sections of the cylindrical villi, if the cells of the tissue have been accidentally 
removed, threads of the connective-tissue reticulum are seen attaching the upper 
widened end of the chyle-vessel to the membrana (see Plate 39. fig. 14). 

The Tissue composing the Mucosa. 

The mucous membrane contains no fibrous tissue. Probably the involuntary muscle 

* 

fibres, with their intervening threads of reticulum, have been mistaken for it. 

The mucosa is everywhere composed of a reticulum and of cells held in its meshes* 
"Wherever the intestine contains lymphatic follicles, it can be shown that the reticulum 
of the follicles is continuous with that of the rest of the mucosa ; and there are many 
places in the mucosa where the cells contained in the meshes of the reticulum are only 
lymph-corpuscles. 

What, then, is the tissue of a villus ? Is it the same as that of the rest of the mucosa, 
as is often assumed 1 And is the tissue of the mucosa the same as that found in a follicle 
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of a Pbyer's patch 1 It is very important to be clear on this point, as it is certain that 
fat-absorption cannot be properly understood unless we perfectly understand the structure 
of the villi, a fact which has been much lost sight of. The difference between the tissue 
of the villus on the one hand and of a follicle of a Peyer's patch on the other, is not to 
be found in the reticulum (which is identical or very similar), but in the cells contained 
in that reticulum. 

In the lymphatic follicles, and in parts of the mucosa, the cells are entirely lymph- 
corpuscles*. In the villi, though lymph-corpuscles are always present and may be 
almost the chief constituent (as in the sheep), or an important constituent (as in the 
rabbit), yet in some animals they are few in number (as in the dog and cat), or even 
rare (as in the monkey), in this situation. 

What, then, is the character of the cells of the villi % They are polygonal cells com- 
posed of a very pale protoplasm with an oval nucleus. These cells differ from lymph- 
corpuscles : — first, in size, they are more than twice as large ; secondly, they differ in 
having a large zone of protoplasm around the nucleus ; and thirdly, they differ in regard 
to their nuclei, which are oval and stain very lightly, as contrasted with the spherical 
deeply staining nuclei of the lymph-corpuscles. Let the reader compare the two kinds 
of cells in fig. 13 (Plate 39). Nevertheless, as can be seen in fig. 21 (Plate 41), the cells 
of the upper part of the villus are larger than those near the base ; and it is no doubt 
true that there is every transitional form between the lymph-corpuscles of a lymphatic 
follicle and the cells of the upper part of the villus. 

These cells of the villi are seen in sections to be arranged almost like an endothelium 
(see figs. 21 & 22) ; and in the upper part of the villus they are very similar to the 
endothelial cells of the membrana propria, of the veins, and of the chyle- vessel. See 
fig. 13, where the cells of the villus are not to be distinguished from those of the membrana 
propria; and see fig. 19, where there is great similarity between the endothelial cells of 
the vein and the cells of the villus. We have already noticed in fig. 21 that in the upper 
part of the villus the endothelial cells of the chyle-vessel and the cells of the villus are 
continuous and similar. 

We have seen above that the mucosa is composed of a reticulum containing cells in 
its meshes ; these cells are (ct) lymph-corpuscles and (b) large flat cells similar to endo- 
thelial cells: the latter may therefore be considered to be connective-tissue corpuscles. 
We have further seen that there is a gradual transition from the one kind of cell to the 
other. 

It has now been demonstrated that there is everywhere a reticulum holding all the 
elements of the mucous membrane in its meshes ; and if this account of ,the minute 
anatomy of the mucosa be correct, fat-absorption can only take place by means of the 
reticulum, or by the cells, or through both. Though my researches on fat-absorption 
have not been numerous, yet, as they show the fat to be in a reticulum, and as that 
reticulum is attached to the muscles and to the chyle-vessels in exactly the same way 

* I hare already defined the cells which are spoken of in this paper as lymph-corpuscles. See page 459. 
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as I have shown that the reticulum . is attached in preparations hardened in chromic 
acid, I conceive them to be sufficiently convincing. 

Fat-absorption by the Reticulum among the Epithelial Cells. 

To obtain preparations showing the fat between the epithelial cells, an animal was 
killed during the absorption of fat, and the intestine hardened in osmic acid, according 
to the methods given above ; small portions of the mucous membrane were teased. 
The teased preparations were then treated with a dilute solution of caustic potash, until 
the tissue became much more transparent ; they were then placed in glycerine. If, in 
such a preparation, a horizontal view of separated epithelial cells be examined, it is seen 
that fat-granules are arranged in lines between the cells, the epithelium being free 
from fat-particles (see Plate 41. fig. 23). 

In examining sections of an intestine hardened as above, if we view the epithelium 
where it has been cut transversely, we have appearances very similar to those we have 
just described, i. e. the fat-granules are arranged in lines between the epithelial cells. 
If in the section the epithelium be cut vertically, although there are distinct lines of fat- 
granules between the cells, yet, as a rule, the appearances are not so satisfactory, as 
the cells appear to contain particles of fat. 

Examination of teased preparations will show isolated epithelial cells apparently 
filled with fat, as has been figured and described by so many observers. It must, how- 
ever, be remembered that the reticulum always breaks off with the epithelium, and that 
it is difficult to decide whether the fat which we see apparently in the epithelial cells 
is lying in them or in the shreds of reticulum attached to them ; by pressing on the 
cover-glass and rolling over these isolated epithelial cells, the fat is generally seen to 
be arranged in lines along their borders. 

From the foregoing observations I have concluded that there is proof that the fat 
travels by the reticulum between the epithelial cells, but that there is no decisive evidence 
that fat-granules are absorbed by the epithelial cells. 

This reticulum has been seen and described by a great number of observers under 
various names. It has been seen in the most different epithelia ; it has been shown to 
be capable of absorbing various substances ; and there are some observations which 
prove that injections have penetrated into it. 

Thus, Eeich (109), Pfluger (62), Heidenhain (110), Langerhans (63), Giafuzzi (64), 
Boll (65), Saviotti (66), Ewald (67), Ebner (68), Leydig (69), and Latschenberger 
(70), have seen it in the salivary glands or pancreas; while it was described as nervous 
tissue by Eeich (109) and Pfluger (62), or as connective-tissue by Boll (65), it was 
injected and considered to be intercellular salivary capillaries by Giastuzzi (64), Langer- 
hans (63), Saviotti (66), Boll (71), and Ewald (67) ; Leydig (69) and Latschenberger 
(70) thought that there were only intercellular spaces between the cells; Heideotain 
(110) concluded that this tissue was a continuation of the cell-membrane ; Ebner (68) 

3t2 
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deemed it to be a cuticular formation which was probably connected to the membrana 
propria. 

Schwalbe (72) noticed the tissue in Brunner's glands ; he spoke of it as secretion- 
capillaries with a coagulation of their contents. 

Similarly Gianuzzi and Falaschi (73) described inter epithelial secretion-capillaries in 
the mammary gland. 

This tissue was seen in the " rete Malpighii " of the skin as small branched bodies, 
staining deeply with gold: these bodies are probably connected with nerves: Chrschtscho- 
nowitsch (74), Podcopaew (75), and Elin (76). This connexion was not made out by 
Langerhans (77), Eberth (78), and Eimer (79). 

This tissue was described in the intestine by Fles (53), Erdmann (34), and Zawa- 
rykin (56). Fles and Erdmann considered it to be cement substance, and probably 
connected with the connective-tissue reticulum of the villus ; while Zawarykin spoke of 
it as the borders of the epithelial cells; Erdmann and Zawarykin noticed that absorp- 
tion took place by this tissue. 

Possibly this tissue was seen in the serous membranes by (Edmansson (80) and 
Dybkovski (81), who described openings between the endothelium of the serous membranes. 

This tissue was described and figured by Klein (82) in the serous membranes, as 
pseudostomatous tissue. Klein considered this tissue to be of the greatest importance 
in absorption. 

Probably it is this tissue which was seen in the lymphatic vessels, and described as 
stomata by His (51) and Becklinghausen (83), and as stigmata by Arnold (84). 

The same tissue was seen in the epithelium of the alveoli of the lung, and in the 
epithelium of the bronchi, by Sikorsky (85), Klein (86), Wittich (87), and Kuttner 
(88). Klein has figured it as intraepithelial nucleated branched cells in connexion 
with the connective-tissue corpuscles of the mucosa, the latter being in anatomical 
continuity with the lymphatic vessels. 

Finally, it has been seen and described as cement-substance by Arnold (89) in epithe- 
lium of the tongue and palate of the frog. 

Injections have been forced into it from the blood-vessels by Carter (90) in many 
places, as in the palate of the frog and in the reticulum of the lymph-follicles of the 
intestine, in the epithelia of the skin and mucous membranes, and between the involuntary 
muscle-fibres of the arteries. By Arnold (89) also injections have been forced into it 
in many places ; and by Thoma (91) a precipitation was obtained in it (in the living 
animal) by a natural injection. 

Injections have also been forced into it from the lymphatics, by Kowalewsky (92) in 
the lymphatic glands, by Dybkovski (81) in the pleura, and by Basch (54) in the tissue 
of the villus. 

This tissue has been found to absorb coloured fluid in recently killed animals, 
Wittich (87), and in living animals, Zawarykin (56), Sikorsky (85), and Kuttner (88). 
Zawarykin and Kuttner, in making experiments on the absorption of coloured fluids, 
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found that lines between the endothelial cells of the lymphatic vessel are marked out 
by the colouring-matter. 

Fat-absorption by the Reticulum of the Villi. 

A glance at figs. 24 & 25 (Plate 41) will give the appearances I have now to describe : 
these preparations are from the intestine of the hedgehog. The similarity of the reticulum 
(filled with small fat-granules) to that which is seen in preparations treated by chromic 
acid is obvious (compare figs. 21 & 22 with figs. 24 & 25). There is only one difference, 
and that is due to the different reagents. The reticulum is always broader in prepara- 
tions which have been hardened in Muller's fluid and osmic acid, than it is in those 
preparations hardened in chromic acid or alcohol (see figs. 41 & 39, Plate 43). 

In conclusion, we find that the fat travels by the reticulum which is found every- 
where among the other elements of the mucosa. 

I can confirm those observers who have asserted that Lieberkuhn's glands absorb. 
There is, however, much less absorption from these glands than from the surfaces of 
the villi. 

What are the forces causing absorption % No doubt the emptying of the chyle-vessel 
by the muscles surrounding it, and the subsequent erection of the villi, tend to promote 
absorption. Probably, however, absorption is not the purely mechanical process of par- 
ticles of fat being pressed through a soft semifluid mass (the reticulum) ; on the contrary, 
it is more probable that the reticulum takes an active part in the process*. 

CHAPTER II. 

THE MINUTE ANATOMY OF THE MUCOUS MEMBRANE OF THE PYLORIC END 

OE THE STOMACH. 

History. 

Todd and Bowman (32) first showed the great difference between the glands near the 
pylorus and those of the rest of the stomach. They found that the epithelial cells of 
the surface are continued into wide cylindrical tubes, which end in very short and dimi- 
nutive tubes lined with a " subcolumnar " epithelium. 

This difference between the glands of the pylorus and those of the rest of the stomach 
was confirmed by Donders (12) and Kolliker (93). 

Kolliker (61) found bands of muscles from the muscularis mucosa running between 
the glands even into the plicae villosse. 

Klein (94) explained the manner in which the bands of muscle in the lower part of 
the mucosa decussate, " forming a kind of pocket " . . . " embracing the several tubes." 
He found that some of the fibres " extend as far as the epithelium." 

Ebstein (95) first accurately described the character of the cells of the proper gland- 

* Busk and Huxley, in a note to the translation of the Manual of Human Anatomy by A. Kollikeb, 1854, 
said, " We should rather compare the manner in which fat enters a villus to that in which the iugesta enter 
an Actinojphrys" 
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tubes, and he also described the changes occurring in digestion. This paper will be 
referred to again. 

Loven (96) discovered lymph-vessels in the mucosa of the stomach extending into 
the plicae villosae. 

Eabe (97) noticed that, in the horse, the glands are of uneven length, and that this 
gives the mucosa a somewhat wavy surface. 

The general structure of the Mucous Membrane. 

If we harden the pyloric end of the stomach of a dog in chromic acid and examine 
the surface with the naked eye, the mucosa, with the exception of a few large folds, 
presents a somewhat smooth surface. On examining this apparently smooth surface 
more carefully with the aid of a simple lens, we shall find that it is formed of a number 
of minute elevations and depressions. The principal elevations are parallel to the 
transverse axis of the stomach ; but they communicate by short branches running in 
the longitudinal direction, and thus they form a network of irregularly shaped meshes *. 
On making a longitudinal vertical section of the pylorus, these elevations are seen to 
be rounded, and give the mucous surface a wavy aspect. 

We notice, in the section, that the upper part of the stomach-tubes which open on 
the summit of these elevations is straight, and that the plicae villosae between the tubes 
are straight and long ; whereas the tubes which open into the depressions are shorter 
and wider, and their sides are folded (see fig, 26, Plate 42, where we find alternations of 
long straight tubes and of short tubes) ; and these appearances are very like those which 
Ebstein (95) has given in his fig. iv. and fig. iii. as representations of the stomach of a 
dog in stages of sponge feeding and of vegetable feeding respectively. 

These wave-like elevations of the mucous membrane of the stomach with the accom- 
panying differences in the length of the tubes are seen in dogs killed in all stages of 
digestion and hunger, and they are therefore to be considered a constant feature of the 
dog's stomach. 

This feature is, however, not always well marked, if the stomach has been hardened 
in alcohol ; and it was completely absent in the stomach (hardened in alcohol) of a dog 
which had been fed on sponge after the manner of Spallanzam and Ebstein (95). 

It has been found that, as a rule, the mucosa is more contracted in digestion than in 
hunger ; this is also true of the plicae villosae, which are more expanded in sections made 
from the hardened stomach of an animal killed while fasting, than in sections made 
from an animal killed during digestion. 

The wave-like elevations of the surface of the pyloric end of the stomach are well 
marked in those animals which have very compound glands and much convoluted 
gland-tubes, as in the dog and horse. In the monkey, rabbit, and hedgehog these 
foldings of the surface are much less marked. In the rat the tubes are of even length, 
and the surface of the stomach is quite smooth. 

* Kollikek (44) has described a network of folds on the surface of the pylorus. 
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If we examine a vertical section of the pylorus, we notice that the epithelium of the 
surface is continued downwards into wide cylindrical tubes (<#, fig. 26, Plate 42). These 
tubes divide, at their lower extremity, into two short branches, and into each of these 
short divisions two or three small branching twisted tubes (ct, fig. 26) open from below. 
That part (d) of the stomach gland-tubes which is lined by cylindrical epithelium will 
be called the duct. The smaller tubes (ct) will be called the proper glands or coiled 
tubes. 

The Epithelium covering the Pyloric end of the Stomach. 

Todd and Bowman (32) thought that when the cells have arrived at maturity the 
granular contents escape " by a dehiscence or opening of the wall at that part," " leaving 
the transparent husk with its nucleus subsisting for some time longer." The clear 
structureless mucus which occupies the cells and covers the surface " seems to be altered 
contents " of the cells. 

F. E. Schulze (98) spoke of the cells as being open above ; he showed that by the 
action of some fluids the contents of the upper part of the cells swell to a very voluminous 
mass. 

Ebstein (95) thought that the cylindrical epithelium has closed ends ; that in digestion 
these cells, owing to extreme mucous metamorphosis, burst, and are then open above. 

I have found that in certain stages of secretion these cells are open ; but if the animal 
has been kept some time without food, the substance of the cell is definitely bordered. 
This can be demonstrated by examination of the stomach of a recently killed rabbit 
which has been kept twenty-four hours without food. The stomach is to be placed in 
five per cent, salt solution for one hour, and then examined in saline solution of three 
quarters per cent. We shall then see that the epithelium is closed. On adding weak 
acetic acid, all the cells pour out a large quantity of semifluid substance and become 
goblet-cells. I must therefore agree with Todd and Bowman (32) and Ebstein (95) in 
considering the cells to be closed ; but differ from F. E. Schulze (98) and Bleyer (99), 
who hold that they are always open. 

Germination of the Epithelium. 

Almost all the phenomena which will be described under this heading are equally 
true for the epithelium of the intestine. They will be described in connexion with the 
stomach, because I first noticed the method of increase in the epithelium of the plicae 
villosse, and because the accompanying drawings have been made chiefly from that region. 

(A) If the stomach has been stained* in gold and hardened in chromic acid, many of 
the epithelial cells covering the surface will be found to contain nuclei in a state of 
division (see fig. 27, Plate 42)*. It is noticed that the division does not seem to take 
place according to any strict law, as some of the nuclei are divided transversely, some 
longitudinally, and some obliquely. 

* This preparation is from the colon of the rabbit ; the appearances are very similar to those in the stomach. 
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(B) In preparations hardened in chromic acid, small cells are found at the base of the 
epithelium. This fact was described by Todd and Bowman (32), who seem to have 
thought that a second layer was always present. F. E. Sciiulze (98) (Taf. x. fig. vi.) ? 
Ebstein (95) (fig. i.) ? and Bleyer (99) have also described small cells at the base of the 
epithelium. 

These cells are of two kinds : — first, lymph-corpuscles similar to those which have been 
described among the epithelial cells of the intestine (see fig. 28, Plate 42) ; and secondly, 
rounded or conical cells which are only found at the base of the epithelium (see figs. 
29 and 32) *. These latter cells have a faintly granular protoplasm, and contain spherical 
nuclei which are not readily stained by hematoxylin. These cells may therefore be distin- 
guished from the lymph-corpuscles, which have been already described as consisting of 
a small clear zone of protoplasm surrounding a very deeply stained spherical nucleus 
(compare fig. 28 and fig. 29). 

(C) In similar preparations we find short broad epithelial cells, showing a faintly staining 
cell-substance containing a large pale nucleus, which may be divided (see fig. 30). 

(D) And, finally, we see groups of epithelial cells composed of two or three, or even more, 
cells arranged very much like a bud (see figs. 13, 31, 33, where it will be seen that the 
base of the group of cells projects slightly into the mucosa). These groups of cells are 
the structures which I propose to call " epithelial buds." 

The same features are seen in the small round or conical cells of figs. 29 & 32, and 
in the short broad cells of fig. 30, and in the epithelial buds of fig. 33. These features 
are a spherical nucleus, as opposed to the oval nucleus of ordinary epithelium, and a 
faintly granular protoplasm of the cells, which is not easily stained by hematoxylin. 

Now it seems to me reasonable to form the following conclusions from the appear- 
ances described at (A), (B), (C), (D) : — that the epithelial cells divide ; that the small 
rounded cells of figs. 29 and 32 are the products of their division; that these small 
cells, increasing in size and rising up among the older cells, push them to one side, and 
form the short broad cells as represented by fig. 30; and that these short broad cells, 
by division, form the bud-like structures of figs. 31 & 33. The view that the buds are 
caused by division is favoured by the appearance of the epithelial cells next to the bud- 
like groups. They are always compressed together, are deeply stained in hematoxylin, 
and contain a considerable amount of mucus. 

* Tig. 29 is drawn from a preparation which had been stained in hematoxylin ; the upper part of the cells 
is seen to be intensely stained, and in the original preparation was of a deep blue colour. The cells are open 
and contain mucus. It is the mucus which has been stained so readily. That mucus is very readily stained a 
blue colour by hsematoxylin, has been shown by me in a short note to the Royal Society (Proceedings, vol. xxii. 
p. 293). Ihave there described the different manner in which the cells of the mucous glands of the tongue are 
acted on by staining fluids, in states of inanition and secretion. Specimens stained first in hsematoxylin and 
then in carmine showed that during inanition the cells contain mucus, and their contents are more easily stained 
by hsematoxylin than by carmine ; whereas during secretion the carmine will stain the cell substance more readily 
than hsematoxylin ; any mucus in the ducts of the glands is, however, stained an intensely blue colour. 
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The bud-like groups are sometimes found of considerable size, and, when this is the 
case, they call to mind the foldings of the epithelium, which have been described in the 
intestine by Bonders (12) and Kolliker, and figured by Todd and Bowman*; they 
have also been figured by EBSTEiNf in the stomach. These buds are found, however, 
not only on the sides of the villus-like processes of the stomach, but also on the flattened 
surfaces of those processes ; and they are seen among the epithelium covering the sides 
of the villi of the intestine, or on the sides of the plicae villosae, where there is no apparent 
folding of the epithelium. If, however, the short plicae villosae (in the depressions 
between the wave-like elevations of the stomach) be examined (see fig. 26, Plate 42), the 
epithelium is seen to be in folds, giving the appearance of large buds. Whether we have 
here one of the plicee villosae, temporarily shortened by the contraction of its muscles, 
with a consequent folding of the epithelium, or whether we have some more permanent 
process associated with repair, I have no evidence on which to decide. 

These bud-like structures are found in great numbers in young animals, and at first 
it seemed possible that these buds were the means whereby the epithelium increases in 
growing animals; and possibly it may be so, as Eemak (100) has observed in the intes- 
tine the increase of epithelium by longitudinal division. These buds may, however, be 
seen in the epithelium of animals which have attained their full maturity, as was proved 
by sections made from the stomachs of five dogs, of the ages of two years and upwards. 
I consider, therefore, that these bud-like structures are concerned in the repair of the 
epithelium, and that this repair is constantly needed during the life of the animal. 

The foregoing results were obtained from a great number of observations, and were 
chiefly made from sections of the stomach of the dog. I have, however, one prepa- 
ration from the pyloric end of the frog's stomach (Plate 42. fig. 34), which may possibly be 
explained by the view that Donders (12) and Kolliker (93) took of the regeneration 
of the epithelial cells — i. e. " that the cylindrical cells of the intestine not unfrequently 
burst at their apices, and allow a part of their contents (mucus) and their nucleus to 
pass out; a second, previously formed cell-nucleus then serves for the regeneration of 
these cells ; . . . . these are the cells designated by Gruby and Delafond < epithelium 
capitatum,' i. e. goblet-cells." 

The Connective-tissue Beticulum among the Columnar Epithelium. 

This reticulum is, in its character, exactly like that which has been already described 
among the epithelium of the intestine, and can be best seen among the epithelium of the 
ducts (see fig. 35, Plate 43). It is much harder to demonstrate its occurrence among the 
epithelium of the surface of the plicae villosae ; and though it does exist even among that 
epithelium, it is very fine and delicate, and does not appear to reach the surface. There 
is, however, an intercellular substance uniting the upper surfaces of the epithelial cells, 
which differs very materially from the connective-tissue reticulum, in the fact that it 
does not stain at all in hematoxylin, 

* Loc, cit. fig. 159. f Loc. cit. fig. iii. 

MDCCCLXXVI. 3 U 
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The Character of the Membrana Propria. 

The membrana propria of the surface of the villus-like processes is formed of endo- 
thelial cells. In section they are seen as oval or rounded cells ; on surface view they 
appear as polygonal plates. I have never been able to separate the membrana from the 
rest of the mucosa. The membrana of the ducts, when seen from the surface and com- 
pletely isolated from the surrounding structures, is exactly like that of Lieberkuhn's 
crypts, namely, a structureless membrane, with oval nuclei imbedded in it at intervals. 

The Muscle-endings in the Plicce Villosce and the Perivascular Spaces. 

In specimens hardened in chromic acid, the muscles arising from the muscularis 
mucosa are seen passing up between the glands and entering the plicse villosse. If these 
villus-like processes of the mucous membrane are very narrow, two bundles of muscular 
fibres will be seen, one on each side of a central clear space, and in contiguity with it. 
The muscle bands running up to the tops of the plicae villosse and spreading out, end 
by being attached to the membrana ; some of the fibres may cross above the clear space, 
or pass to the side of it to be attached to the membrana of the other side of the villus- 
like process ; the mode of their attachment is exactly like that which has been already 
described in the colon of the rabbit (compare fig. 36, Plate 43, with fig. 10, Plate 39). 

The clear space enclosed by the muscle bands is seen to contain a blood-vessel, and is 
formed of endothelial plates. 

The blood-vessels in the narrower plicae villosse run vertically, but, at times, they bend 
horizontally. If in the section they bend towards the observer, the blood-vessel is seen 
to be surrounded by a clear ring (perivascular space). In the broad villus-like processes 
where the blood-vessels run in a direction parallel with the surface, the upper wall of 
the perivascular space is formed by the membrana propria : thus we have here an arrange- 
ment somewhat similar to that described by Boll (71) and Leydig (69) in the salivary 
glands, and by Ludwig and Tomsa (101) in the testicle, namely, a blood-vessel enclosed in 
a perivascular space, one wall of which is formed by the membrana propria, the mem- 
brane supporting a secreting epithelium. 

These perivascular spaces are probably the same as those lymph-vessels of the stomach 
which have been injected by Professor Loveisf (96) by the method of puncture (loc. cit. 

figs. iv. & x.). 

In the broad villi great numbers of muscle-fibres are always present ; and fig. 36 
shows how they form membranous layers, which lie in contiguity with the endothelial 
plates of the perivascular membrane. This arrangement reminds us at once of the 
relation of the muscle-fibres to the walls of the chyle-vessels of the villi in the monkey. 
The action of the muscles on the plicse villosse will be twofold : when they contract they 
will shorten the villi, and further they will cause them to become smaller in their 
transverse diameter. This follows from the disposition of the bands of muscle : they 
expand in a fan-like manner in the upper part of the villi, some of the fibres crossing 
over to be attached to the other side. 
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The proper Gland-tubes of the Pyloric end of the Stomach. 

These tubes contain a different epithelium to that in the ducts, as Ebstein (95) first 
pointed out. He described the character of the epithelium of these glands in animals 
killed while fasting and also during digestion ; he found that in the former case the cells 
are composed of a transparent, faintly granular cell-substance, the nuclei being situated 
at the base of the cells (loc. cit. fig. ii.) ; in the latter case the cells become cloudy 
with granules, are shrunken, and are deeply stained by carmine or anilin ; and Ebstein 
has figured (figs. iii. & iv.) the nuclei as spherical in form. 

If, in a vertical section of the stomach, we examine a part of one of the coiled tubes 
running vertically, and view the tube from the outside, we notice between the epithelial 
cells a fine reticulum, similar to, but much finer than any we have seen before (see fig. 37, 
Plate 43). The nuclei of the epithelial cells are seen from this point of view as circular 
bodies, and are stained very slightly by hematoxylin, the cell-substance hardly being 
stained at all ; the reticulum is deeply stained. If in the section we find a tube which 
has been cut transversely (so that the epithelium is cut vertically), we notice the separate 
epithelial cells resting apparently on the basement membrane, and we find a dark line at 
the base of each cell (see fig. 38, a). To what is the dark line due % No doubt, in some 
measure, to the nuclei ; and we should expect the flat circular nuclei when seen from the 
side (that is to say, when the light has to pass through their long diameter) to intercept 
the light more than when viewed from above or below. But that the dark line is due to 
something else than the nuclei, is easily seen where the cells are placed rather obliquely 
to the line of the section (see fig. 38, b). Here we can partly see the nuclei, and yet the 
dark lines are present. In sections which have cut the epithelial cells more obliquely, 
we find that the dark line is partly formed by the connective-tissue reticulum (see fig. 39); 
It has been already mentioned incidentally in Chapter I. that the reticulum is more 
marked in specimens which have been hardened in Mullee's fluid and osmic acid than 
in those which have been hardened in chromic acid (let the reader compare figs. 39 & 41). 

This reticulum has been seen by Schwalbe (72), who spoke of it as a network of canals, 
a layer of granular cell-substance being found between the membrana and the polygonal 
network; he also found the nuclei not within the meshes of the network of canals, but 
lying over one of the meshes (loc. cit. fig. xiii.). 

It has been mentioned above that Ebstein (95) has figured the nuclei of these cells 
as spherical in form in animals killed during digestion. I have examined a great many 
dogs in various stages of digestion, hardening their stomachs in chromic acid, and, with 
very few exceptions, the nuclei have been found as flattened disks, lying at the bottom 
of the cells, as in fig. 38. Sometimes, it is true, the nuclei are seen to be spherical, as 
in figs. 39 & 40 ; but this never occurs over any considerable tract of the stomach. I 
can, however, confirm Ebstein's statement that the cells are more granular and stain 
more readily during digestion than during inanition. In tissue which has been washed 
in one tenth per cent, chromic acid and immediately placed in alcohol, I have equally 
failed to find the nuclei as spheres in the cells of animals killed during digestion. 

3u2 
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Besides these two forms of nuclei, a third is sometimes met with (see Plate 43. fig. 40, b). 
There appears to be here some process of vacuolation of the nucleus ; and this form is 
possibly an intermediate state between the disk-like and the spherical form of nucleus. 
Cells with nuclei in a state of vacuolation are not very frequently met with. They have 
been only found in animals killed during digestion. 

The membrana of the coiled tubes is exactly similar to that of the ducts of the tubes 
or that of Lieberkuhn's glands. 

I must leave to another paper any complete description of fat-absorption in the 
stomach, only observing that in sucking animals the epithelium covering the surface is 
seen apparently completely filled with fat. This fact was noticed by Bruch (102) and 
Kolliker (103). In fully developed animals no fat can be observed in the epithelium 
covering the surfaces of the plicae villosse ; but the epithelium of the ducts and of the 
coiled tubes appears cloudy with fat, and this is much marked in animals whose stomachs 
contain bile. It is not intended by the foregoing remarks to give any opinion as to the 
method of fat-absorption in the stomach. 

The occurrence of lymphoid follicles in the mucosa will be discussed in the next 
chapter. 



CHAPTEE III. 

THE MINUTE ANATOMY OF THE MUCOUS MEMBEANE AT THE POINT OE TEANSITION 

BETWEEN THE STOMACH AND INTESTINE. 

In the following Chapter the anatomical continuity of Brumer's glands with the 
coiled tubes of the stomach will be described. But before proceeding to the relation 
of the facts a short account of the history of the subject will be given. 

Bruch (104), 1849, spoke of racemose or acinous glands of the pylorus, which pass 
into the acinous glands of the duodenum (Brunner's glands). 

Ecker (105), 1852, said that the racemose glands of the portio pylorica form an 
obvious transition to Brother's glands. 

This fact was either overlooked or denied until 

Cobelli (106), 1864, found, in the pyloric end of the stomach of man, branched 
mucous glands and acinous glands. The acinous glands are arranged in rows or little 
heaps radiating from the pylorus. At the commencement of the intestine the glands 
of Bruoter were found in the submucosa and in the mucosa,; the muscularis mucosa 
at this point is very incomplete; further down the intestine there is a definite muscu- 
laris mucosa, and the glands of Bruotter are only found in the submucosa. From these 
observations the acinous glands of the portio pylorica may be " considered as a conti- 
nuation " of Brunner's glands. In the rabbit and dog only mucous glands were found 
in the pyloric end of the stomach. In the cat and in the Mustela jputorius acinous 
glands occur in the pyloric end of the stomach. In all animals there exists a short 
tract where the glands of Lieberkuhin" are wanting, and where Brunner's glands are 
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placed both in the submucosa and in the mucosa. Follicles were found at the com- 
mencement of the duodenum in the dog and cat. 

Schlemmee (107), 1869, showed that Brunner's glands are tubular. 

Schwalbe (72), 1871, confirmed Schlemmer, and proved the great similarity between 
the epithelial cells of the tubes of the pylorus and those of Brunner's glands. He said 
that the cells of Brunner's glands are like those of the stomach-glands in active secretion. 

Heidenhain (108), 1871, agreed with Schwalbe as to the tubular character of 
Brunner's glands, and their great analogy to the stomach-glands of the pylorus. 

If the point of union of the stomach and intestine in the dog be examined with the 
naked eye, lymphoid follicles are seen to be present in varying number. In some dogs 
they are so numerous that they form a ring of about half an inch in breadth at the 
commencement of the intestine, the surface being almost completely covered by them. 

In sections made at right angles to the plane of union of the stomach and intestine, 
it will be seen that the character of the epithelium of the surface changes quite suddenly. 
This change in the character of the epithelium indicates the point of transition between 
the stomach and intestine. In specimens hardened in chromic acid and stained in 
hematoxylin, we see on one side the regularly arranged cylindrical epithelium of the 
stomach, which in its upper part is clear and almost unstained ; on the other we find 
the granular epithelium of the intestine, with goblet-cells at intervals. This change of 
epithelium is found not only on the surface but in the tubes, so that at this point the 
glands of Lieberkuhn may be said to commence. There is, therefore, no gradual change, 
but suddenly the ducts of the stomach-tubes leave off, and the Lieberkuhn's glands 
begin. This opinion is confirmed by preparations hardened in osmic acid, where it can 
plainly be seen that the ducts of Brunner's glands do not open into the crypts of 
Lieberkuhn, but run up between them, as has been represented in the figure. 

In viewing the section made at right angles to the plane of union, we notice that the 
stomach-glands near the point of union are slightly different to those of the rest of the 
portio pylorica, the proper glands (coiled tubes) are more branched and convoluted, 
and the ducts are somewhat shorter. It will be further noticed that the coiled tubes 
are found penetrating (or even to some degree extending below) the muscularis mucosa. 
At about the point of union between the stomach and intestine, the coiled tubes will be 
found to break through the muscularis mucosa to a greater degree ; and at the com- 
mencement of the intestine we shall find that there are as many of these tubes in the 
submucosa as in the mucous membrane. At this point the muscularis mucosa is gene- 
rally rather indefinite, as it splits up, and portions of it run among the lobes of the 
coiled tubes. These tubes, from their situation, must now be called Brunner's glands. 
On examining the section still further down the intestine, but few coiled tubes will be 
found above the still somewhat irregular muscularis mucosa ; while below it, Brunner's 
glands are more regularly arranged in the form of separate lobes. Still farther in the 
section we find a continuous muscularis mucosa with numerous Lieberkuhn's crypts 
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reaching down to it, while Brother's glands consist of smaller lobes entirely below 
the muscularis mucosa. Finally, the lobes are smaller and more isolated, and then cease. 

In the mucosa, as has been already stated, lymph-follicles are found in varying 
number. They may form almost a continuous chain. The follicles are almost always 
situated above the line of the muscularis mucosa ; occasionally, however, lymphoid 
tissue is met with in the submucosa, but it is very rare. 

A considerable number of animals were examined, in different stages of digestion and 
inanition, to determine whether the follicles are always present. They were always 
present to some degree, but they appeared to be more numerous in those animals which 
had been kept for some time previously on a minimum of food, or had been kept without 
food for two or three days. Lymphoid follicles were occasionally present in the pyloric 
end of the stomach. The stomachs of over forty dogs were examined, and in the greater 
number no follicles were noticed. Whenever in any animal these follicles were present 
in great numbers at the point of union of the stomach and intestine, they were also 
present in the stomach. The follicles in the pyloric end of the stomach are very rarely 
found below the line of the muscularis mucosa. 

Near the point of transition between the stomach and intestine the plicae villosse are 
very short and broad, and the commencing villi are equally short and broad. But while 
there is thus a gradual change, from the villus-like processes of the stomach to the short 
villi of the commencement of the intestine, the change in the tissue is sudden. This 
has already been described, so far as the epithelium is concerned, but it is also true of 
the stroma of the mucosa. Thus, at the point of union of the stomach and intestine, 
we may find two elevations of the mucous membrane, one of which is covered by an 
epithelium, and contains a tissue similar to that found in the plicae villosse ; the other is 
covered by an epithelium, and contains a tissue similar to that found in the villi. 

I have examined other animals besides the dog, for the purpose of ascertaining if it 
be generally true that Brother's glands are anatomically continuous with the coiled 
tubes of the stomach. 

The intestine and stomach of the horse have given perhaps the most certain proof 
that this is the case. In that animal the glands of the stomach are much branched, a 
great many coiled tubes leading into one duct. At the commencement of the intestine 
the coiled tubes do not, as in the dog and most other animals, become much increased 
in number, but pass very gradually into Brother's glands. The proper tissue of the 
mucosa at the commencement of the intestine is very thin, and consists of minute villi 
and very short Lieberkuhh's crypts. Further down the intestine the proper tissue of 
the mucous membrane increases in depth, and that part of Brother's glands which is 
situated above the line of the muscularis mucosa is diminished; finally, Brother's 
glands are only found in the submucosa. These changes are so gradual in this animal 
that it is very easy to trace the different steps. 

In the cat the same arrangement prevails as in the dog, and there are only slight 
differences in the hedgehog and rabbit. 
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In the rat Brunner's glands begin very suddenly and are very much convoluted, while 
the stomach- tubes at the pylorus are short and straight. There seemed to be a difference 
between the epithelium of the lower part of the tubes of the pylorus and that of 
Brother's glands. This difference was not met with in any other animal. In the rat 
I was therefore unable to trace the continuity of the stomach-tubes with Brunner's 
glands. 

In the monkey the coiled tubes of the stomach gradually breaking through the mus- 
cularis mucosa become continuous with Brother's glands. There are, however, certain 
peculiarities in the intestine of the monkey, as small valvulae conniventes are found from 
its commencement. Bruoter's glands are principally grouped in the submucosa of 
the valvulae. In this animal the glands are so much separated that in sections it can 
be seen that they are not acinous, but are composed of compound tubes. 

In man, sections were made from two cases obtained from the post-mortem room of 
persons dying after accident. It was found that the tubes of the stomach at the point 
of union with the intestine are placed obliquely to the line of the muscularis mucosa ; 
they penetrate that membrane and become continuous with Brother's glands, as has 
been seen to be the case in other animals. 

Numerous lymphoid follicles were found at the point of union of the stomach and 
intestine in man, and they were found in that situation to some extent in all the animals 
which were examined. 

This lymphoid tissue has been shown to occur in very varying amount at this point 
of the alimentary canal in the dog, the mucosa being sometimes almost free from it, and 
at other times composed in a great measure of lymphatic follicles. This latter condition 
was found to be the case in dogs which were kept on a very low diet. I wish to lay par- 
ticular stress on these facts, as this great excess of lymphatic tissue may in itself con- 
stitute a pathological condition, and may be connected with some of those pathological 
changes so frequently met with in this part of the alimentary canal. 



Explanation of Plates 39-43. 

The outlines of many of the preparations were drawn with an Oberhaeuser's Camera 
Lucida : in such cases the lens used with the Camera Lucida and the approximate mag- 
nification are given. The ocular and objective which were used in completing the 
drawings are also given. 

The preparations from which these drawings are made were hardened in chromic acid 
and alcohol, except where the contrary is expressly stated in the following explanations. 

Fig. 1. Hartnack ocular in., objective 9, X 550. 

Vertical section of part of a lymphatic follicle from the vermiform process 
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of a rabbit. The psorospermise and lymph-corpuscles are seen to have invaded 
the epithelium. 

Ps. Psorospermiae. 
Up. Epithelium. 
Ic. Lymph-corpuscles. 
Fig. 2. Camera Lucida : obj. 7, X450. The drawing was completed by means of 
oc. in., obj. 9. 

Vertical section of part of a lymphatic follicle from the vermiform process 
of a rabbit. 

Ic. Lymph-corpuscles. 
Fig. 3. Oc. in., obj. 9, x550. 

Epithelial cell with two attached lymph-corpuscles, from the small intestine 
of a rabbit. Teased preparation which had lain twenty-four hours in one 
per cent, bichromate of potash, and was then treated with dilute acetic acid. 
Fig. 4. Camera Lucida: obj. 8, X600 — oc. in., obj. 11 immersion. 

Transverse section of epithelial cells of the surface of a villus, from the 
small intestine of a rabbit. The tissue had been stained in gold chloride and 
hardened in chromic acid. 

The reticulum (r) is seen to surround the epithelial cells. 
Fig. 5. Camera Lucida: obj. 8, x600 — oc. in., obj. 9. 

Oblique section of a Lieberkuhn's crypt, from the small intestine of a 
sheep. 

r. Eeticulum. 
Ejp. Epithelium. 
e. Endothelial cells. 
Ic. Lymph-corpuscles. 
The reticulum (r) is seen to send processes around the epithelial cell (Mp), 
and between the endothelial cells (e) of the membrana propria. 
Fig. 6. Camera Lucida: obj. 8, x600 — oc. in., obj. 9. 

The membrana propria of the villus with the attached blood-vessels, from 
a section of the small intestine of a monkey. The membrane is seen to be 
composed of cells ; it has holes or gaps in it. 
Fig. 7. Camera Lucida : obj. 5, x300 — oc. in., obj. 7. 

Membrana propria of the ducts of the stomach-tubes, from a section of a 
dog's stomach. The appearances presented by the membrana propria of 
Lieberkuhn's crypts are exactly similar. 
Fig. 8. Camera Lucida : obj. 5, x 300 — oc. in., obj. 8. 

Two alveoli of the mammary gland, from a section of a mammary gland 
of a cat. The cells have been almost entirely shaken out of the membrana. 
Oc. Remaining gland-cells. 
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The walls of the alveoli are composed of a framework of branching cells, 
united by a structureless membrane. 
Fig. 9. Camera Lucida: obj. 5, X300 — oc. in., obj. 7. 

Villus of the small intestine of a rabbit : teased preparation. The intes- 
tine had lain four days previously in half per cent, bichromate of potash. 

The large cells composing the membrana propria are seen bordering the 
villus. 

v. Blood-vessel. 
Fig. 10. Camera Lucida: obj. 8, x600 — oc. in., obj. 11 immersion. 

Section of one of the villus-like processes of a rabbit's colon. The epi- 
thelium is only drawn diagrammatically. 
v. Blood-vessel cut transversely. 
r. Dark line at the base of the epithelium formed by the reticulum 

surrounding the epithelial cells. 
m. The muscle-fibres. They are seen apparently ending in the round 
or oval cells of the membrana propria. 
Fig. 11. Camera Lucida : obj. 7, x450 — oc. m., obj. 8. 

Section of one of the villus-like processes of a rabbit's colon. 
m. A muscle-fibre. 
r. Reticulum. 

e. Endothelial cells of the membrana propria. 
Fig. 12. Camera Lucida: obj. 5, x300 — oc. in., obj. 8. 

Cross section of the muscularis mucosae, from the rectum of a sheep. 
The reticulum is seen to surround the individual fibres. 
Fig. 13. Oc. in., obj. 8, X400. 

Section of a villus, from the small intestine of a monkey. 

m. A band of involuntary muscle-fibres. The connective-tissue reti- 
culum surrounding the individual fibres is attached to the 
membrana propria. 
JEjp. Epithelium. The epithelial cells are seen to be of different 
lengths. 
r. Dark line at the base of the epithelial cells caused by the 

reticulum. 
Ic. Lymph-corpuscle. 
e. Endothelial cells of the membrana. 
v. Blood-vessels. 
The great similarity of the cells of the villus to the cells composing the 
membrana is seen. 
Fig. 14. Oc. in., obj. 9, X550. 

Section of the upper part of a villus, from the small intestine of a monkey. 
m. Muscle-fibres. 

MDCCCLXXVI. 3 X 
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I. Central chyle-vessel. 
v. Blood-vessels. 
Fig. 15. Camera Lucida : obj. 8, X600 — oc. in., obj. 9. 

Artery, from a vertical section of a villus from the small intestine of a 
hedgehog. 
The reticulum is seen as a dark line surrounding the individual muscle-fibres. 
c. Cells of the villus. 
Fig. 16. Camera Lucida: obj. 8, x600 — oc. ra., obj. 9. 

Artery, from a vertical section of a villus from the small intestine of a 
hedgehog. 

The muscle-fibres surrounding the vessel only occur at rare intervals. 
The reticulum (r) is seen as a dark line surrounding the individual fibres, and, 
where these muscle-fibres are wanting, the reticulum forms an adventitia to 
the vessel. 

The elongated nuclei of the endothelial cells are seen, 
Fig. 17. Camera Lucida : obj. 8, X600 — oc. in., obj. 9. 

Vessel, probably an artery, from a section of a villus of the duodenum 
of a rat. 

The reticulum forms an adventitia to the vessel. 
Fig. 18. Camera Lucida: obj. 8, x600 — oc. in., obj, 9. 

Vein, from a section of a villus of the duodenum of a rabbit. The reticulum 
forms an adventitia to the vessel, and passes between the cells of the villus. 
Fig. 19. Camera Lucida : obj. 7, x450 — oc. in., obj. 9. 

Vertical section of the lower part of a villus, from the small intestine of a 
monkey, showing a large vein. 

me. Section of the membrana propria. 
v. Capillary blood-vessel. 
r. Reticulum. 
The endothelial cells of the vein are seen to be surrounded by a very deli- 
cate reticulum. 

There is great similarity between the cells of the villus and the endothelium 
of the vein. 
Fig. 20. Camera Lucida : obj. 5, x300 — oc. m., obj. 8. 

Section of a narrow villus, from the duodenum of a rat. 
ep. Surface of the epithelium. 
v. Capillary blood-vessels. 
A reticulum is seen between the endothelial cells of the chyle-vessel (I). 
Fig. 21. Camera Lucida: obj. 7, X450— oc. in., obj. 9. 

Section of a villus, from the commencement of the duodenum of a dog. 
L The central chyle-vessel. 
m. Bands of involuntary muscle-fibres. 
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Ic. Lymph-corpuscle. 
v. Blood-vessels. 
In the upper part of the chyle-vessel, the reticulum surrounding the cells of 
the villus is seen to be continued between the endothelial cells of the chyle- 
vessel. 

The cells of the upper part of the villus are larger than those in the 
lower part. 

In the lower part of the figure the reticulum can be traced from the chyle- 
vessel to the border of the villus. 
Fig. 22. Camera Lucida: obj. 7, X 450 — oc. in., obj. 9. 

Section of the lower part of a villus, from the small intestine of a hedgehog. 
I. Central chyle-vessel, containing a little granular matter. 
m. A small band of muscles ; they are in contiguity with the wall of 
the chyle-vessel. 
The reticulum is attached to the wall of the chyle-vessel, and passes between 
the cells of the villus. 
Figs. 23, 24, & 25. From the villi of a hedgehog killed during absorption of fat. The 
intestine was hardened in osmic acid. 

Fig. 23. Oc. in., obj. 11 immersion, X850. 

Surface view of epithelium, teased, and treated with caustic potash. 
The fat is seen as small black particles between the epithelial cells. The 
clear spaces are the openings of goblet-cells. 

Fig. 24. Camera Lucida: obj. 8, x600 — oc. ill., obj. 9. 

Section of a villus. The fat is seen as small black granules in a reticulum. 

Fig. 25. Camera Lucida: obj. 7, x450 — oc. in., obj. 8. 

Section of the lower part of a villus. 

I. Chyle-vessel. 
In the upper part of the figure the fat-particles in the chyle-vessel have 
run together. 

The fat-particles are seen in the reticulum of the villus. 
Fig. 26. Oc. in., obj. 2, x45. 

Vertical section of the pyloric end of the stomach of a dog. 
mm. Muscularis mucosae. 
d. Duct of the tubes. 
ct. Proper glands, or coiled tubes. 
Some of the plicae villosse (j?) are seen to be shorter than the others ; the 
epithelium on the sides of the shorter ones is folded. 
Fig. 27. Camera Lucida) obj. 5, x300 — oc.. in., obj. 7. 

Epithelium covering one of the villus-like processes of a rabbit's colon. 
The intestine had been stained in gold and hardened in chromic acid. 

3x2 
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The nuclei of the epithelial cells are seen to be divided transversely, 
obliquely, and vertically. 
Fig. 28. Oc. in., obj. 7, x300. 

Section of one of the plicae villosae from the stomach of a dog. The animal 
was killed two hours after food. 
Ic. Lymph-corpuscles. 
Fig. 29. Camera Lucida : obj. 7, X 450 — oc. in., obj. 8. 

Epithelial cells covering one of the plicae villosae, from a section of the 
stomach of a dog. 

The mucus in the upper part of the epithelial cells is very deeply stained. 
At the base of the epithelium numerous small round or conical cells are seen. 
Fig. 30. Camera Lucida: obj. 5, X300— oc. in., obj. 8. 

Epithelium covering the plicae villosae : from a section of the stomach of a 
dog. 

The stomach had been stained in gold and hardened in chromic acid. 
b. Broad cells with nuclei in a state of division. 
Fig. 31. Camera Lucida : obj. 5, x300- — oc. in., obj. 8. 

Epithelium covering the plicae villosae : from a section of the stomach of a 
dog, showing a small bud-like group of cells. 
Fig. 32. Camera Lucida: obj. 5, x300 — oc. in., obj. 8. 

Oblique section of epithelium covering the plicae villosae : from the stomach 
of a dog. 

b. Pale cells with spherical nuclei. 
Fig. 33. Camera Lucida: obj. 5, X 300 — oc. in., obj. 8. 

Section of a short villus-like process : from the stomach of a dog, showing 
the " epithelial buds." 

The nuclei of the cells composing the bud-like groups are spherical, and 
are less stained than those of the neighbouring cells. 
Fig. 34. Camera Lucida: obj. 5, x 300 — oc. in., obj. 8. 

Two of the villus-like processes of the pyloric end of the stomach of a frog 
(JRana esmlenta). Only part of the figure is filled in. 

v. Blood-vessels at the summits of the processes. 
On the left side of the figure the great length of the epithelial cells is seen. 
Fig. 35. Camera Lucida: obj. 8, X 600 — oc. in., obj. 11 immersion. 

Slightly oblique section of the epithelium of the ducts of the stomach-tubes : 
from the stomach of a dog. 

The reticulum is seen to surround the epithelial cells. 
Fig. 36. Camera Lucida: obj. 8, X 600 — oc. in., obj, 11 immersion. 

Vertical section of the upper part of one of the plicae villosee, from the 
stomach of a dog. 
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The epithelium is diagrammatic. 
A clear space is seen to contain a blood-vessel (v). 

The upper wall of the clear space is formed by the endothelial cells (e) of 
the membrana propria. 

e ! . Endothelial cells forming the lower wall of the perivascular space. 
m. The muscle-fibres : in the lower part of the figure they form a 
membranous covering to the endothelial cells. 
One of the muscles ends by being apparently attached to an endothelial 
cell (e). Compare fig. 10. 
Fig. 37. Camera Lucida : obj. 5, X 300 — oc. iil, obj. 8. 

Surface view of one of the terminal alveoli of the proper gland-tubes, from 
the pyloric end of the stomach of a dog ; the animal was killed two hours 
after meat food. 

A delicate reticulum is seen surrounding the epithelial cells. 
Fig. 38. Camera Lucida: obj. 5, X 300 — oc. iil, obj. 8. 

Cross section of one of the terminal alveoli of the proper gland-tubes, 
from the pyloric end of the stomach of a dog ; the animal was killed while 
fasting. 

me. Membrana propria. 

a. The faintly granular gland-cells with a dark line at their base. 

b. The epithelial cells are cut obliquely ; the nuclei are partly seen 

to the inner side of the dark line. 
Fig. 39. Camera Lucida: obj. 5, X 300 — oc. iil, obj. 8. 

Oblique section of one of the terminal alveoli of the proper gland-tubes ; 
from the pyloric end of the stomach of a dog; the animal was killed two 
hours after meat food. 

me. Membrana propria. 
The nuclei and the reticulum are both clearly seen. 
Fig. 40. Camera Lucida: obj. 5, X 300 — oc. in., obj. 8. 

Vertical section of epithelial cells of one of the terminal alveoli of the 
proper gland-tubes, from the pyloric end of the stomach of a dog killed five 
hours after meat food. 

b. Two cells whose nuclei are in a state of vacuolation ; the other 
cells have spherical nuclei. 
Fig. 41. Camera Lucida: obj. 5, X300 — oc. iil, obj. 8. 

Section of one of the terminal alveoli of the proper gland-tubes, from the 
pyloric end of the stomach of a dog. The stomach had been hardened in 
osmic acid and subsequently in chromic acid. 

The reticulum has a double outline, and is much broader than in fig. 37 
or fig. 38. 
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Fig. 42. Camera Lucida: obj. 8, x 600 nearly — oc. in., obj. 9. 

Vertical section of the tipper part of one of the plicse villosae ; from the 
stomach of a dog. 

The epithelium is drawn diagrammatically. 
v. Blood-vessel. 
m. Muscle-fibres. 
e. Endothelial cells. 
The disposition of the muscle-fibres and the perivascular spaces are well seen. 
Fig. 43. X 20 times nearly. Vertical longitudinal section of the point of transition of 
the stomach and intestine of a dog. This drawing was made from two 
specimens, and is therefore slightly diagrammatic. 
M. Part of the muscular wall. 
SM. Submucosa. 
mm. Muscularis mucosa. 
Ic. Lymphatic follicles. 
The coiled tubes are seen to break through the line of the muscularis 
mucosa and become continuous with the glands lying in the submucosa 
(Brother's glands). 

The ducts of two lobes of Bruotek's glands are seen between the crypts of 
Lieberkuknv — I have to thank my friend Mr. Hope, of St. George's Hospital, 
for this drawing. 
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